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(54) SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device in which a 
short channel is by reducing a gate length in order to improve practical field 
mobility, and to provide a method of manufacturing the semiconductor 
device at a low cost. 

SOLUTION: This semiconductor device has an electrode layer 1, a 
semiconductor layer 2, and a second electrode layer 3, which are 
successively layered in this order, and a first electrical insulation layer 4 
and a third electrode layer 5, which are formed vertically in this order so as 
to be brought into contact with one-side sidewalls of the layered layers 1, 
2, and 3. The first electrode layer 1, the second electrode layer 3 t and the 
third electrode layer 5 are, for instance, a source electrode layer, a drain 
electrode layer, and a gate electrode layer. The first electrical insulation 
layer 4 is, for instance, a gate electrical insulation layer. The semiconductor 
device is. for instance, a vertical field effect transistor. 
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<S>m^<DmMUi>X h 2 2 £l?&*-r ^Xg ( d ) 

g^>p*-y-> (2 3) cmmii&m-r^ 

xn ( e ) . 

©COilMIlfc^ 1 ) i>M 9-)li/&*ry-> (2 3) 
^ * - 2 1 4»i5 W*« l/TJR 2 3 ^^fS-T ^>Xfl ( f ) . 

©c©J:^fCLrff5^L//cjK2 3tcr;u^7>^*-JH' 

>^2 4%fty5II (g) . 

OCWT^^^^^-^-O^ 2 4^r^>^^WUfcSS 

2 3 £ffll>TSffilCj£HSftfcAuaS*MiiK:f£¥-r4 
IS ( h ) . 

; &(lB^r^fftft-s. 

[0046] Bute*: y ^ ^;u->D+if>tt, m®:^^ 

fl|-C*&^*5, •v'X^->'^$->^e»©ls^T^fr ; &iS 
iBfcffttf, COWfl|"C»J«LfcJKtt. 5/im?i|g©» 

^iS^WLrt^. c©ct^ccurjfML/te»cr^* 
>^jj--ju^>^^#t-t. Au^*^{cK^-rici 
TJi/^v^^-^g BiMH tibW^BS 3 ft 2. . 
C©ffl*S{tM«. Aut?+-Ji/S^b, j^ffltcii 

^ A7K?§fS© <fc -5 %@tt?g^x ^ > y?g(c Aul 

mmmm&mrz t . T^*>5 t ^-Ji'©ftti^a© 

^ASx^^yjXft-z, (fJIB*^© (A) Xg# 

p.) . k 1)7^7 ^ • i»^>yt(t 

©*ffi. h*£?iu 21^. ^flk. x-y^>y. R 

>y?£j *ffluft«. -a. M^rf^f &©*r. 
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[0047] BffBOO ©HHC*$l,>rtt. iff £ 0 < (J. 

ff^b/cfg. is i (Dmm&mm \ . is 2 ©^nja&ii 6 

mMU&mm 6 &o*ss 3 <Dn$mmm i ». ##iw©^>s 
^g^siig-r sisccfc^-c. ig i ©m&/i i . #u»f* 

JI2ROJ&2©S@Ji3£i8l7Jfo{Cja&. SEATr £fca!> 
©l#il/t. £fc. IP3©mSll5 SrJ&flg-r-S/ctf)© 

Kfcuttt, SfT 1 ©^SUfeSyi 4 tt, «SW6»Bt <y- 
httJRJAIMt) iLTfMiU gfc, ^2©m»^n 

6 Rolg 3 ©msygjsui 7 «. ^^gtBSiorf^ffl-r 

m 2 ©^m^nm 6 ay* 3 (Dmsmrnm 

7 it. MttMWLt l>xm^^^>xs>tiit. t-<t© 

[0048] |tta$ 1 ©^fUS^K4 Otfttl*. 

( 1 ) ■C*3h^.C„4!iaife*, Jfcgfm^©iift,>fc 

©*s»*ia». mmmiz. ^mmnmcmnx^^o 

WJ:t^m$* s SC>©-C»S Ll^. BUfE»£l 1©±&C. 

*»j>c»o-c. ch?>0ililMMt5. c© 

2 8 O'CJ^T©^- K-^-^S?:tforfccfc 

[0 04 9] ^Bjfcfci^rti. u< at, mrsBeo 
oisr. ig^wt£*jg#t*£i-©?§®£ -r > * y x 7 

f-Sfc, AKSEPBUi*. [HJKEflJgiJfifc, bEPPJfifc. X 

[0050] ^mwicto^xit. sj^kh, mrfac-o 
©is, c-) oiisyw ©mr, an©m©i. 

9 2 ©«® iiRO** 3 ©h©b * . w^f *«tttm© 

siM. 4ry*->v mm. * * y ->Bwj^if©#a«: 

«fc 3 BRUITS**. XB. £M**gSS!«8L W:t>7'U 

— r-/>^r£. ^y*ffi^©^l5(c 

«fcOfi£flIUT. JHl©Sffiji. KI2©^SJi;RO*3t3© 
^SJt&^l&TS,, 

[005 i ] ^Bj^^^tD^^sEtCctntaf. 
(id) £««©ffi(cS£-r5:frfatcj*DU tux. rs 



(8) i$§a 2 0 0 3- 1 1 0 1 1 0 
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ttlSW©— #©*H»«:SW 6ftfcfii3 ©H@J1j!»6SI 1 

mR*wto?i>tim<Dmm#mwtzm&x £&©-c. * 
«<*jf©i»ii <±tes: ( i > cctewsy- h«Ltc^ 
t&) z&^z \-v^-o^'jW< -rzct&xs. -e© 

mrcfs. -e©M*. v^yv>7,^mt. bp%. Hifwm 
io [0052] &mnctei>xiz, ¥m&%i&commcte 

c©j;-5(c. st5©±icgia^-[S]tclz:rr^w/c— >Pt© 

m^ie^B ©ra icmm^mmtftvmwi * ma l. -c 
■r^t. s«©±{cga^isj(CAz:Tr^w/c— »©mm 
«m@*fiS®i-^/t*©^<!: L/rw^fcfpffl-r^© 

[0053] 

[HiSW] (HSSW1) 

( 1 ) i) '=y xmW±<>C®mmi. UXC rM3 0 nmfi 
tOjSKU l*lr»r, C©CrI©±KAug47 0nm 

7^>mciK<l:O01©«il (v-^«ffi) * 

( 3 ) 7*1- h (JKS06<ba«. O F P R 8 0 

o) *tufes«±icxf>3--r >^ur u>>x \-m 

lx. mum i ©sga©*WM(csir J: 5 ksb:* 

rsjccfi-cfc^ 1 ©mfyfeMJi (y- F-^ffi) . Bute^i 

40 ©mffid ©SflBSK Wi$Z> £ *> tiC±LXtc]$ 2 ©«sm& » 

m mj-^mmwt&mm) . ao - . trrien 1 ©m®i© 
mm* 0 9 1 (on^mmm 5 ©*«w« l xmrnxfo 
ic-<z.xtcm3(Dmm&m® (m-T^mmmmm) 

f&Utc. -£©6£. h5>^^^«jffa5£L,r©rS14ii© 
ip|«. 200/imi L/c. 

( 4 ) fl?B& 1 (ommmm tm2 <ommmm t ©^ 
vrnzm 1 ©m®i 1 ©±tc. ff§3L/fc^ y •^.+->;i/5 : - 

x-i^wx.-? \~mcxf&mux. ¥-m&m*Bf&u 

50 fc. -?-©RR. W^*i»WgS€:0. 5fiS%Ji(T£L/c 



s 
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(5) fit, m&m i o>m$mmm tm 3 (omm&m 
ttSJ. pedot) zm^Tm3<Dnmm <y- Fm 

[0054] <Jt8W 1 ) K?£fiCC* F- f> if 

K: 1 0 0 n m<Dtm<t&>S:Bl8.Ltc&. *<Z>S1E©RBF 

T. S«±&CA l*g«rJgfi£Ufc. ;jmc. V-X • FU 
-/>IiiLTAu/C rJgfcfSJIU CJn^CD^CC^ 

fc. h^>y*£IW1^©^f1£U:. W= 2 0 *2m« L = 
[0 05 5] ULL 1 "C»6*ifc*aH**« <IK 

6n/t*j»**is«. v-*/ f w >wi -. 2 0 vs 

cXy-hSEE: 2 0V5C4jI,>-C\ V-VFU-f>l» 
iU-C. 5. 6*iA©WftfftWWJ£3n;te. — ifc« 

cm 1 -cf#6n/cSMm^mF^>^x^« > v-*/ 

KL/-/>SE: 2 0 VSyy- F^EE : 2 0 VKfcU 
T. V-Vh'U-f^Silt, 6 0nA©«feffi** 

S'js^n/c. ±i2sc ( i ) {cs-^swa&UM^sfr^gt 
mi/ fete 5. mmmi-vmhtitc^wmmcom&m 

©»SWJPa&*l-9>J?*irJ:l) i&lOOfg©^ 
[0056] 

[^HJ©^*] (l)MJjBBl. 4, 5. 9-1 2KB 

^©wbkrw htitcm 3 ©s®i*> em i com^mm. 
mifH,-&m#m. bps. *«<*^. tewawawni 

(1) Kfct^y- HSLtC+B^TS) *l>-»*5*< 
-TSCiAsr^. ZOtt&lC. 7 * \~ 'J V if z> V 4 -tin 

BPS. j|fTW«l»ttft*I^±S-&4Ct*Jt?# 

*. tit, ¥m#mw<Dmikfi^»7'j\''c$>2><D-e. m 

mcDMfe??. h&iBMTZC 

[0 05 7] ( 2 ) ffigag 2 COEttS nfc»9J«: J; ft 
«, 0 1 ©HffiJlRtflfr 2 ©m®lf £ *a£#Jf i ©El 



C9) 4#ga 2 0 0 3- 1 1 0 1 1 0 
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[0058] <3)M*JI3. 6tcSBfS3ftft&9I«:.S: 
^2CD^^te^@SO*m3<Dlim*6^)l(i. SFf- 

awcfwsr*. 

[0 059] <4>»*S7. 8tClB»Stifc»W«:* 

etc. *R«MI^«*tf4rtt. cn%SMf^l©fS 

[0060] < 5 ) m&m 1 3 ~ 2 0 {ciBtssnfc^aj 
ccj:n«. mmu&mifi* ssss < 1 a ) £»«©ffi&ci§: 

w htifcw, 3 ©s®ji#»6m 1 ©ssw6S®*^ut* 

2»<*Sg^$SBf-C^S©-C. ^MMIOKJV (±1B^ 

( 1 ) tcbw-sy- FSLccffl^-rs) f-c^ 
o^--5ai< fsci^. -e©/ctotc. 7*h'jvy 

a«Jis?-i'*jufi*«BeKHcjiifi-c*. -e©MJfi. f 

30 [ 0 0 6 1 ] ( 6 ) W^2 1 KgEStSttfcSfeSBtcfcft 

ss©± k aa^rsj k itrsw /t->Ft©mM^^ui 

F-C^ir4Ci*ST#-5. 

40 [si] &mi<D- mn<Dte&*?tt^wm&<otim 
[02] *&w<Df&<D-mm<D&m*7jk-r¥m&$£&<o 
[03] ie»©jij«%s%riNw*«B© 

[04] #mW<D¥^#£i& : $:mW}2l* : &tcit>(Dm»m 

[05] /jc^Bj©— mt&<DBt& : £fr-rm»&gi&<Dm& 

50 [06 ] ?^03>J? hy';>7--<>y©X!i?:lft 
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1 SfKD^&Jl (v-xtsi) 

2 tm&m 



do) 2 0 0 3- 1 1 0 1 1 0 
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*3 f 2 (Kl/-f>gSl) 

4 m i (Dmmmm (y- hmmm^g) 

5 ^ 3 ©^gn ( y- h ^bJI ) 

7 s& 3 (Dmsximm m+ft&mfmm® > 

8. 9 /<»7rH 
1 0 ffift^ 



[mi ] 



[02] 



[03] 
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